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A study of the angular distributions of the processes A;, — ^ AV{1^) with J/\E', p") is 
performed. Emphasis is put on the initial Af, polarization and the polarization density- 

■ matrices are derived to perform tests of both Time- Reversal (TR) and CP violation. 

^ ■ 1. Ab DECAY AND INTERMEDIATE RESONANCE ANALYSIS 

O I In the collisions, pp — > A^ + X, the A;, is produced with a transverse polarization in 
a similar way than the ordinary hyperons. Let us define, Np, the vector normal to the 
production plane by Np = {pi ^ Pb)li\Vi x Pfel), where pi and are the vector-momenta 



of one incident proton beam and A^, respectively. Let (Ahxyz) be the rest frame of 
^ . the A;, particle. The quantization axis (A;,^;) is chosen to be parallel to Np. The other 
orthogonal axis {Af,x) and (Afyy) are chosen arbitrarily in the production plane. In our 
I analysis, the (Af,x) axis is taken parallel to the momentum pi. The spin projection, 
^ ' Mi, of the Af, along the transverse axis (A;,^;) takes the values ±1/2. The polarization 
density matrix (PDM) [C], p^", of the Af, is a (2 X 2) hermitian matrix. Its elements, 
p^*, are real and Yl'i=iPii'' = 1- The probability of having A;, produced with Mi = ±1/2 
is given by p^i and P22, respectively. Finally, the initial A^ polarization is given by 

{SA,-Np)=VA,=pt^-p^^. 

The decay amplitude, Ao{Mi), for Ab(Mj) — ^ A(Ai)\^(A2) is obtained by applying the 
Wigner-Eckart theorem to the S'-matrix element in the framework of the Jacob- Wick 
helicity formalism [|2]: 

= (l/2,M,|5(°)b,^,0;Ai,A2) = A<A,(Ai,A2)/^l&/</),^^,0) , 

where p = {p, 6, 0) is the vector-momentum of the hyperon A in the Af, frame. Ai and A2 are 
the respective hehcities of A and V with the possible values Ai = ±1/2 and A2 = —1, 0, ±1. 
The momentum projection along the (A) axis (parallel to p) is given by Mf = Ai — A2 = 
±1/2. The Mf values constrain those of Ai and A2 since, among six combinations, only 
four are physical. The hadronic matrix element, M-A^i^i, ^2), contains all the decay 
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dynamics. Finally, the Wigner matrix element, Dl^_j^^{(j), 9, 0) = (i-^.^,^^(6')exp {—iMicj)), is 
expressed according to the Jackson convention [1^. By performing appropriate rotations 
and Lorentz boosts, we can study the decay of each resonance in its own helicity frame 
such that the quantization axis is parallel to the resonance momentum in the A;, frame 
i.e. OiZiWpa and 02-22! |pV = —PA- Let us focus on the decays A(Ai) — > P(A3)7r^(A4) 
and V{\2) r(A5)£+(A6) or V{\2) h-{\5)h+{\G): in the A helicity frame, the 
projection of the total angular momentum, m,, along the proton momentum, pp, is given 
by mi = A3 — A4 = ibl/2. In the vector meson helicity frame, this projection is equal to 
m2 = A5 — Ae = — 1,0,+1 if leptons and m2 = if vr. The decay amplitude, ^(Aj), of 
each resonance can be written similarly as y4o(Mj) and we have, 

Ai(Ai) = (Ai,mi|5«|pi,^^i,0i;A3,A4) = A^a(A3,A4)<'^\(0i,^^i,O) , 

A2{X2) = (A2,m2|^(2)b2,^2,02;A5,A6) = A<V^(A5,A6)I)l:„,(02,^2,O) , 

where 61 and (pi are respectively the polar and azimuthal angles of the proton momentum 
in the A rest frame while 62 and 02 are those of i~{h~) in the V rest frame. 

1.1. Factorization procedure 

The effective interaction^, T-C^^-^ , written as, Ti^-^-^ = ^V'gbV^* Si=i Ci{mh)Oi{mb) , gives 
the weak following amplitude factorized into, 

A^A,(A, ^ AV) = -^V,,V^JyEv (ci + ^) (A|s7,(l - 75)&|A,) . 

The CKM matrix elements, Vg^V^*, read as VubV^g and VcbV*^, in case of A5 — > Ap and 
Ah AJ/\I/, respectively. The Wilson Coefficients, q, are equal to ci = —0.3 and 
C2 = +1.15. Working in HQET, the final amplitude, A^Ai,(Afe AV), depending on the 

hehcity state, (Aa, Xy), reads as: MA,{Ab AV) = ^VgbV*JvEv(ci + x 

respectively, for (Aa, Ay) = (|, 0); (— |, — 1); (|, 1) and (— 1,0). The dependence of 
the transition form factors®, Fi{q'^), or resulting from QCDSR and HQET [E] 

takes the form Fi{q'^) = F(0)/(l - + b^), where (0.462, -0.0182, -1.76 x 10"^) 

and (-0.077,-0.0685,1.46x10-3) correspond to'(F(0), a, 6) in case of Fi(g2) and ^2(5^), 
respectively. We refer to the PDG [|^ for all the numerical values used in our analysis. 

1.2. Angular distributions 

First the A^ — AV^ decay: writing the hadronic matrix element, Ai^^^Xi, A2), into two 
parameters according to the final hehcity such as, \Ai\^{±l/2)f = |A^A5(±1/2, 0)|^ + 

^AU the terms of the effective interaction are extensively defined in hterature. 
^We define F^{q^) = Fi{q^) ± ^2(9^), for convenience. 
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|A^Af,(=Fl/2) =F1)|^5 and by introducing the helicity asymmetry parameter, a^*, defined 



by, «A5 



(I^A.(+l/2)r 
angular distribution, W{9, 



\M^S-Um/{\MA,{+l/2)\' + \M^S-mn, the Snal 
, which can be expressed as, 



wie, 



ocl + a^%VA,cose + 2a^%^e 



Pi/ exp 



sin 6 



puts into evidence the parity violation. Regarding the A —>■ Pn decay, the general 
formula for proton angular distributions, Wi{9i, (pi), in the A rest-frame reads as. 



W^i(^i,0i)cx 



(p^ + pj^) + {pi - p^^)a\s cos di - ^VA,a\s^e 



p^ exp {i(f)i] 



sin 9i 



whereas for the V {h^h ) decay, the angular distributions, ^2(^2,02)5 in the V 

rest-frame, is given by. 



w^{e,, cp,) oc [pi + pl){GUe,, + 



V 



TC 



- 4^A,3?e 



p]Jexp {i(j)2) 



sin 262 



where the PDM elements, Pij^^\ of V{A) and G^_^ yjy02,(l)2) are given in Ref. 



2. RESULTS 

The helicity asymmetry parameter, a^^, takes the values = 98.8% for Aj, Ap° 
and a^g = 77.7% for A^ — > AJ/\E'. The A-polarization, Va = Pii — P22; can be computed 
in both decays. After normalization of Va, we obtain the values, Va = +31%, and 
Va = —9%, for the Ap*^ and AJ/tp channels, respectively. Another parameter concerning 
the spin state of the intermediate resonances is the density matrix element, pj^. Let us 
focus on Pqq which is related to the longitudinal polarization of the vector meson V. After 
calculation, 65.5% and 55.5% are the results for p^ in case of A;, — Ap° and A;, AJ 
respectively. It is important to notice that these parameters, and pjj, (as well as p^) 
govern entirely the angular distributions, Wi{9i,(t)i), of the final particles. Performing all 
the calculations and keeping the number of color, N^^f, to vary between 2 and 3 as it is 
suggested by the factorization hypothesis, we obtain the branching ratio results B7l{Af, — > 
ApO) = (34.0, 11.4, 3.1) xlO-s and Bn{Ab ^ AJ/^) = (12.5 ,4.4 , 1.2) xlO-^ respectively 
for N^ff = 2, 2.5, 3. For comparison, BVf''^{A^, AJ/'ip) = (4.7 ± 2.1 ± 1.9) x 10"^ [i]. 



3. CONCLUSIONS 



Calculations of the angular distributions as well as branching ratios of the process 
Af, — > AV with A Ptt^ and V — > i^£^ (h^h^) have been performed by using the helicity 
formalism. The initial polarization, Va,,, appears explicitly in the polar angle distribution 
of the A hyperon in the Af, rest-frame. Similarly, the azimuthal angle distributions of both 
proton and i~ in the A and V frames, respectively, depend directly on the A;, polarization. 
A first computation of the asymmetry parameter, a^s, in A;, decays into Al^(l~) has been 
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Figure 1. First two columns: polar angular distributions in the intermediate resonance 
rest-frames for the following values of V\ and parameters: (31%, 65.5%) in the case of 
Afe — »• Ap° (upper histograms: cos9p (left side) and cos 6',^- (right side)), and (—9%, 55.5%) 
in the case of A;, AJ/ip (lower histograms: cos 6'p (left side) and cos^^- (right side)). 
Third column: proton and pion (A daughters) transverse momentum. Pi, in the Af, rest- 
frame, in the case of Ap° channel (dashed line) and AJ/ip channel (full line), respectively. 
Upper histogram for proton P^-spectra and lower histogram for pion Pi-spectra. 



performed as well as the longitudinal polarization of the vector meson, pjg, which is shown 
to be dominant (> 56%). Looking for TR violation effects in baryon decays provides us a 
complementary test of CP violation by assuming the correctness of the CPT theorem. In 
particular, triple product correlations, which are T-odd, can be investigated in A;, decays. 
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